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Control of the heart rate is a complex process that integrates the function of
multiple proteins. Among them, G protein regulated inwardly rectifying Kþ
(GIRK or Kir3) channels play a major role. Kir3 channels are important in reg-
ulating membrane excitability in cardiac, neuronal and endocrine cells. In the
heart, the atrial KACh channels are heterotetrameric proteins that consist of two
pore-forming subunits, Kir3.1 (GIRK1) and Kir3.4 (GIRK4). Activation of
KACh by acetylcholine (ACh) via the muscarinic M2 receptor and pertussis
toxin sensitive G proteins mediates the vagal negative chronotropic effect.
Thus, activation of KACh channels can terminate paroxysmal supraventricular
tachycardia, i.e., a rapid cardiac rhythm. On the other hand, vagal stimulation
predisposes to atrial fibrillation, which can lead to thromboembolism and
stroke. Thus, since hypercholesterolemia is a well-known risk factor for car-
diovascular disease, we investigated the role of cholesterol on KACh currents
(IK,ACh). We found that in rabbit atrial cardiomyocytes, cholesterol enrichment
enhanced channel activity whereas cholesterol depletion suppressed IK,ACh.
Moreover, a 20-24 week high-cholesterol diet resulted in up to 3-fold increase
in IK,ACh in rodents. In accordance, elevated currents were observed in Xeno-
pus oocytes expressing the Kir3.1/Kir3.4 heteromer. Interestingly, whereas
similarly to the heteromer Kir3.1/Kir3.4, the homomeric pore mutant
Kir3.4* (Kir3.4S143T) was also enhanced by cholesterol, Kir3.1* was sup-
pressed by cholesterol. Furthermore, our data suggest that cholesterol affects
IK,ACh via a mechanism which is independent of both PI(4,5)P2 and Gbeta
gamma. Notably, the impact of cholesterol on IK,ACh is opposite to its impact
on IK1 in atrial myocytes. The latter are suppressed by cholesterol enrichment
and by high-cholesterol diet, and facilitated by cholesterol depletion. These
findings indicate that cholesterol plays a critical role in modulating IK,ACh in
atrial cardiomyocytes via a mechanism independent of the channel’s major
modulators.
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Disabled-2 (Dab2) targets membranes to trigger a wide range of biological
events, including endocytosis and platelet aggregation. The Dab2 PTB domain
mediates phosphatidylinositol 4,5-bisphosphate (PtdIns(4,5)P2)-dependent
membrane targeting of Dab2 during endocytosis. In addition, Dab2, through
its PTB domain, inhibits platelet aggregation by competing with fibrinogen
for aIIbb3 integrin receptor. We have recently showed that the N-terminal re-
gion, including its PTB domain (N-PTB), drives Dab2 to the platelet membrane
surface by binding to sulfatides through two sulfatide-binding motifs, modulat-
ing the extent of platelet aggregation. We have characterized the membrane-
binding properties of Dab2 N-PTB using micelles enriched with sulfatides
and PtdIns(4,5)P2. We show that both lipid ligands overlap their binding sites
and that they trigger protein stability. We also demonstrate that sulfatides, but
not PtdIns(4,5)P2, facilitate N-PTB penetration into micelles. Our data show
that the surface level of P-selectin, a platelet transmembrane protein known
to bind sulfatides and promote cellular interactions, is reduced by N-PTB
and that this event is reversed with a mutant form of the protein deficient in sul-
fatide but not integrin binding. Notably, N-PTB, but not its sulfatide binding-
deficient mutant, is able to prevent sulfatide-induced platelet aggregation
when tested under microfluidic conditions at flow rates with shear stress levels
corresponding to those found in microcirculation. Moreover, the regulatory role
of N-PTB can be extended to platelet-leukocyte adhesion and aggregation
events suggesting a multitarget role for Dab2 in haemostasis. Lastly, we
have solved the NMR structure of the minimal sulfatide-binding Dab2 unit,
the sulfatide-binding motif (SBM). Dab2 SBM contains two helices when em-
bedded in micelles, binds sulfatides with moderate affinity, and reduces
sulfatide-induced platelet aggregation. Overall, our data exposes a new role
for Dab2 in controlling platelet homotypic and heterotypic interactions and un-
veils the anti-aggregatory properties of its sulfatide-binding region for thera-
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Oomycetes, such as P.sojae, are plant pathogens that employ protein effectors
(Avirulence or Avr proteins) to facilitate infection. Plants are able to overcome
this infection by their ability to recognize pathogen effectors by the plant de-
fense system. The entry of Avr proteins to plant cells is mediated by external
membrane-bound phosphoinositides such as phosphatidylinositol-3-phosphate
(PtdIns(3)P). Furthermore, the N-terminal RXLR motif of several Avr proteins
is critical for phosphoinositide recognition. However, a recent report indicates
that the C-terminal basic domain of related effectors, Avr3a and Avr1b, is rel-
evant for phosphoinositide recognition. Because there is a need to clarify these
differences, we have structurally and functionally characterized P.sojae Aviru-
lence homolog-5 (Avh5). Using NMR spectroscopy, we demonstrate that Avh5
is helical in nature with a long N-terminal disordered region. HSQC titrations of
Avh5 with the PtdIns(3)P head group, inositol 1,3-bisphosphate (Ins(1,3)P2), al-
lowed us to map two lipid-binding regions that comprise the basic-rich second
helix and the charged fourth helix. The first residue of the RXLR motif, Arg24,
was also perturbed by Ins(1,3)P2. Using both liposome-binding and lipid-protein
overlay assays, we demonstrate that whereas mutations in RXLR slightly affect
PtdIns(3)P binding; mutations in the basic second helix (residues Lys62, Lys64,
and Lys65) almost abolished it. Avh5 exhibitedmoderate affinity for PtdIns(3)P
(KD=2.3 mM) as determined using surface plasmon resonance. Consistent with
our lipid-binding assays, mutations in the RXLR and the basic patch reduced the
affinity for the phosphoinositide 1.5- and 44-fold, respectively. Thus, our find-
ings suggest that the central Avh5 basic-rich region has a major role in PtdIns(3)
P recognition. Therefore, our identification of PtdIns(3)P-binding site of Avh5
will provide the structural basis to understand the role of the lipid in facilitating
entry of Avr proteins into plant cells.
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Integrins are a diverse set of proteins that play a central role in complex biolog-
ical processes, such as tumor metastasis and thrombus formation. The integrin
heterodimer is often expressed in a low-affinity, inactive state, relying on spe-
cific cytoplasmic or extracellular signals for its activation. The cytoskeletal-
associated protein talin constitutes one of the major activation pathways of
integrin through a membrane-mediated mechanism. While the involvement
of activated, membrane-bound talin in this process is well established, atomic
details of membrane binding of talin and of talin-dependent integrin activation
have been lacking. Using our novel, highly mobile membrane mimetic simula-
tion system, we have successfully captured complete insertion of the talin head
domain (THD) in a phosphatidylserine membrane in three independent unbi-
ased simulations, revealing key molecular events involved in the process.
The THD is initially recruited to the membrane via the documented membrane
orientation patch (MOP), consisting of a large number of positively charged
residues. Electrostatic potential calculations revealed THD to be highly polar-
ized, providing a potential mechanism explaining how the protein is aligns for
optimal encounter with the membrane. We also observe a large, membrane-
induced interdomain conformational change (>2.5 nm), which brings the F3
subdomain into contact with the anionic membrane via residues K325, N326,
and K327. This result explains how F2 and F3 subdomains can simultaneously
bind the membrane, a biochemically established aspect that could not be
explained by the crystal structure. Moreover, we characterize a phenylala-
nine-rich region as the hydrophobic membrane anchor, consisting mainly of
F261 and F283, which is released through the snorkeling motion of a few crit-
ical lysine residues within the membrane. Although such an anchor has been
hypothesized to exist, none had been identified prior to this study.
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EphA2 belongs to the largest subfamily - Eph receptors - of the Receptor Ty-
rosine Kinase (RTK) superfamily and is over-expressed in many cancer cell
lines. The major role of Eph receptors is to regulate the dynamics of cellular
